Among five members of the NADPH oxidase (Nox) family, Nox1 confers mitogenic properties and is implicated to participate in the process of cell transformation. We have established two phenotypes of carcinogenesis model by ethanol treatment of human gingival keratinocytes immortalized with E6/E7 oncogenes of human papillomavirus type16: immortalized (EPI) nontransformed cells with epithelium-like morphology and more advanced transformed (FIB) cells with spindle fibroblastic-shape morphology. FIB membranes possessed a 63-kDa Nox1 protein at higher levels and exhibited 2.8-fold higher capability for superoxide and hydroxyl radical generation, compared with EPI membranes. Both EPI and FIB cells expressed more abundant Nox1 protein at a proliferating stage than that at a quiescent confluent phase. Immunofluorescence staining with an anti-Nox1 antibody showed that immunoreactive materials were distributed in the whole interior of both types of cells, while they were preferentially localized in the nuclei of FIB cells. Nuclei isolated from EPI and FIB cells contained a 63 kDa-Nox1 protein. Compared with EPI cells, FIB cells expressed elevated levels of Jun Nterminal kinase (JNK) and extracellular signal-regulated kinase proteins. Furthermore, JNK2 was constitutively phosphorylated in FIB cells. Together, our data strongly implicate Nox1 in redox-mediated signaling related to cellular activation of human keratinocytes at a more advanced stage of transformation.
Introduction
Emerging evidence indicates that reactive oxygen species (ROS) including superoxide anion and H 2 O 2 regulate proliferation of epithelial cells. As potential sources of ROS, homologs of gp91phox (Nox2), including Nox1, Nox3, Nox4, and Nox5, have been recently identified (Cheng et al., 2001; Lambeth, 2002) . A 63-kDa Nox1 protein that is 58% identical to Nox2 has been intensively studied in terms of its role on cell transformation. Overexpression of Nox1 renders tumorigenic conversion of NIH3T3 mouse fibroblasts (Suh et al., 1999) and increases tumorigenicity potentials of human prostate cancer cell lines (Arbiser et al., 2002) . This process was reversed by coexpression of catalase, indicating that hydrogen peroxide is a mediator for tumorigenic conversion (Arnold et al., 2001) . These data are consistent with earlier studies implicating the role of ROS in the transformation of rodent fibroblasts (Irani et al., 1997; Schimmel and Bauer, 2002) , and keratinocytes (Nakamura et al., 1988) .
Epithelial cells represent the most important cell type in tumor formation, since the large majority of human malignancies is of epithelial origin (Elenbaas and Weinberg, 2001) . NADPH oxidase activities have been documented in human skin keratinocytes upon growth factor stimulation (Goldman et al., 1999) , overexpression of Ras (Yang et al., 1999) , TGF-b-induced activation of p38 (Chiu et al., 2001) , and induction of vascular endothelial growth factor (Sen et al., 2002) . We have characterized the molecular identity of NADPH oxidase components as well as Nox1 in these cells (Chamulitrat et al., unpublished) . It is of particular interest to elucidate the role of distinct NADPH oxidase(s) on cell transformation of human keratinocytes.
Human epithelial cells are highly resistant to transformation even after treatment with carcinogens, whereas rodent cells are easily transformed by a carcinogen (McCormick and Maher, 1988) . Transformation of human epithelial cells can be achieved in a multistep fashion, whereby an immortalization step is a prerequisite for progression of cell transformation elicited by subsequent exposure to a carcinogen (Kuroki and Huh, 1993) . Such transformation and tumorigenic conversion of immortalized human epithelial cells have been accomplished by treatment with a carcinogen, such as, benzo(a)pyrene (Park et al., 1995) , asbestos fibers (Hei et al., 1997) , and cigarette smoke condensates (Yang et al., 1998) .
We have developed an experimental system consisting of human gingival keratinocytes that were immortalized by human papillomavirus (HPV) type 16 E6/E7onco-genes (GM16 cells) and then subjected to subsequent chronic exposure to ethanol (Chamulitrat et al., 2003) . We obtained two homogenous cell populations; one with epithelium-like morphology (nontransformed cells with epithelium-like morphology (EPI) cells) that grew anchorage dependently, and the other with spindleshape fibroblast-like morphology (transformed cells with spindle fibroblastic-shape morphology (FIB) cells) that exhibited anchorage-independent growth. Neither EPI nor FIB cells formed tumors in nude mice. FIB cells represent a more advanced stage of cell transformation, but apparently have not yet progressed into the tumorigenic phenotype.
Herein, we provide novel evidence that Nox1 mRNA and protein expression and NADPH oxidase activities are upregulated in membrane fractions of FIB cells compared with those of EPI cells. Also, we demonstrate that Nox1 was expressed in the nuclei of FIB cells at higher levels than EPI cells. Furthermore, FIB cells constitutively expressed elevated levels of redox-sensitive mitogen-activated protein (MAP) kinase proteins. Thus, Nox1 expression is associated with redox-mediated cellular activation, which may be an obligatory step at a more advanced stage of cell transformation eventually leading to tumorigenic conversion.
Results

EPI and FIB cells have similar growth rates and E6/E7 mRNA levels
The generation of EPI and FIB cells has been previously described (Chamulitrat et al., 2003) . Briefly, after culturing GM16 cells in the presence of 30 mm ethanol for 9 weeks in low-calcium keratinocyte growth medium (KGM), cells were cultured without ethanol in DMEM containing 10% FCS. Ethanol-treated GM16 cells were able to proliferate in DMEM/FCS forming colonies separated from serum-induced differentiated cells. Subculturing of these cells for 15 further passages resulted in the formation of mixed populations consisting of round epithelium-like (as marked 'elm') and elongated (as marked 'em') morphology (Figure 1a ). At this time point, cells in these mixed populations had already acquired anchorage-independent growth as they formed colonies in soft agar (Figure 1b) . At passage 20, EPI cells ( Figure 1c ) and FIB cells ( Figure 1d ) were separated based on differential trypsinization. FIB cells constantly produced free-floating (FLOAT) cells shown in Figure 1d as round nonadherent cells (as marked 'fl').
At passage 22-25 (B6 months post ethanol treatment), FIB cells as well as FLOAT cells that had been separated from FIB cultures, formed colonies (of a 20-cell size) in soft agar both with efficiencies of B2%, while EPI cells did not form colonies. EPI, FIB, or FLOAT cells did not form tumors in nude mice. At these passages, FIB and FLOAT cells were more transformed compared to EPI cells, but not yet tumorigenic.
Growth rate plots showed that EPI and FIB cells (p20-30) grew with similar rates in DMEM containing 10% FCS (Figure 2a ). GM16 cells were differentiated by DMEM/FCS and did not proliferate. Like normal epithelial cells, EPI cells formed monolayers and exhibited contact inhibition after reaching confluence resulting in dead cells after 8 days in culture. In contrast, FIB cells continued to proliferate by increasing the number of FLOAT cells.
Since the parental GM16 cells were initially immortalized by oncogenes E6/E7 of HPV 16, we measured expression of E6 and E7 at mRNA levels in EPI and FIB cells (Figure 2b ). Upon prolonged subcultures of GM16 cells in KGM, there were significant increases in E6 and E7 expression (GM16 (E), p1-9 versus GM16 (C), p22-27]. At equivalent passages, the levels of E6 or E7 in EPI, FIB, and FLOAT cells did not differ from those in GM16 (C). Therefore, E6/E7 expression was persistently increased in all cell types cultured in either KGM or DMEM. We had previously found that the parental GM16 cells constitutively expressed the cytosolic components of NADPH oxidase (Rac1, p67phox, and p40phox) as well as membrane p22phox (Chamulitrat et al., unpublished) . At present, it is unknown whether these proteins act as essential components for Nox isozyme(s) expressed in keratinocytes. In the neutrophil, it is generally accepted that the redox core gp91phox-gp22phox heterodimer responsible for the enzyme activity is located at the plasma membranes or specific intracellular granules (Jones et al., 2000) or secretory vesicles (Bjerrum and Borregaard, 1989) . Since p22phox was present in keratinocyte membranes (Chamulitrat et al., unpublished) , we took the first step by measuring superoxide radical-generating activities of membranes obtained from a 100 000 g pellet. Spin trapping is the technique specific for free radical detection, and has been used to measure superoxide ( HOO) generated from NADPHtreated membranes ). Spin trapping with 5-diethoxyphosphoryl-5-methyl-1-pyrroline N-oxide (DEPMPO) was utilized to measure HOO in an incubation of membranes in the presence of NADPH. EPR spectra of these incubations (e.g., Figure 3b ) showed the paramagnetic parameters indicative of DEPMPO/hydroxyl radical adduct (DEPMPO/ OH) (Frejaville et al., 1995) . It is known that DEPMPO/ OH can be formed due to a reduction of superoxide adduct, DEPMPO/ OOH, which is a result of DEPMPO (h) Total radical adducts generated by FIB membranes were significantly increased compared with those of EPI membranes. DEPMPO radical adduct by EPI membranes was normalized to 100%. *Po0.05, for comparison with EPI, n ¼ 3 membrane preparations. Spectrometer conditions were modulation amplitude, 1.2 G; microwave power, 20 mW; time constant, 20 ms; scan rate, 107 G/min; five spectra with four-accumulated scans in each spectrum were subsequently added Nox1 and transformation of human keratinocytes W Chamulitrat et al reaction with HOO (Finkelstein et al., 1979) . DEPM-PO/ OH can also be a product of direct trapping of hydroxyl radical ( OH) which may be produced during metal-catalyzed Haber-Weiss reactions (Fe
OH signals in Figure 4b were indicative of both HOO and OH. Compared with EPI, FIB membranes produced higher levels of DEPMPO/ OH by a factor of 2.8 (Figures 3a, b , and h from three membrane preparations). NADH (500 mm) also stimulated DEPM-PO/ OH adduct in FIB membranes to the same levels as 500 mm NADPH (data not shown). Heat inactivation of FIB membranes completely abolished DEPMPO/ OH generation (data not shown). NADPH-treated FIB cytosol did not produce any radical adduct ( Figure 3g ).
We then performed experiments to delineate that DEPMPO/ OH was due to trapping of HOO and OH. In EPI membranes, superoxide dismutase (SOD) alone completely inhibited DEPMPO/ OH formation, indicating the formation of HOO produced in an NADPH þ EPI membrane mixture (data not shown). In FIB membranes, partial inhibition was obtained by SOD ( Figure 3c ) or catalase ( Figure 3d ). (Chamulitrat, 1999) were detected as shown in Figure 3f . Hence, NADPH oxidase activities of FIB membranes produced not only HOO but also H 2 O 2 and OH.
Nox1 mRNA expression in keratinocytes and Nox1 upregulation in FIB membranes and nuclei
Nox1 mRNA in GM16, EPI, FIB, and FLOAT cells was determined by using RT-PCR using a designed set of primers that detects Nox1 sequence, but not the truncated variant version of Nox1 (termed as NOH 1Lv, Banfi et al., 2003) . Gene-specific primed cDNA from 750 ng total RNA was amplified with Nox1-specific primers. The first-round reactions (data not shown) were used in nested PCRs to yield a predicted band at 305 bp in all the cells, except GM16, that showed a singular band at E200 bp (Figure 4 ). FIB and FLOAT cells express more Nox1 mRNA than EPI cells. GAPDH mRNA was used in RT-PCR to show equal loading in all samples. Controls without cDNA did not produce any products (data not shown).
In the next set of experiments, we measured Nox1 protein in the cytosol and membrane fractions from EPI and FIB cells by Western analysis using a rabbit polyclonal antibody against the C-terminus of human Nox1 (Yoshida et al., 2002) . This antibody specifically recognized a 63-kDa Nox1 protein in the membrane fraction of Caco2 cells (Yoshida et al., 2002) . Both EPI and FIB cells contained an immunoreactive 63-kDa protein corresponding to Nox1 in the cytosol (Figure 5a ) and in the membrane fractions (Figure 5b ). The antibody recognized traces of other proteins including a 55-kDa protein; however, the 63-kDa Nox1 was mainly distributed in the membrane fraction. FIB membrane contained more abundant 63-kDa Nox1 than EPI membrane (Figure 5b ) with some 55-kDa protein in the FIB membrane. It should be noted that Nox1 protein was poorly expressed in parental GM16 membranes at a level barely detectable by Western blotting (Figure 5b ). In addition, there were no protein bands detected in a negative control obtained from membranes of rat vascular smooth muscle cells (data not shown). When the Nox1 levels in membrane fractions from EPI and FIB cells were compared between growing and confluent phases, proliferating cells expressed higher levels of Nox1 than quiescent confluent cells, suggesting that Nox1 may have mitogenic properties (Figure 5c ). Nox1 mRNA expression in GM16, EPI, FIB, and FLOAT cells. Two-step RT-PCR was performed using genespecific primed cDNA, and cDNA from 750 ng total RNA was used in each PCR. First-round and nested PCRs using Nox1-specific primers were performed at 611C annealing temperature and amplified for 40 cycles. Nox1-mRNA was expressed higher in FIB than EPI cells. In GM16 cells, a single product of about 200 bp was observed. Total RNA was obtained from different preparations from passages 49 to 53 for EPI and FIB cells, and from passage 26 for FLOAT cells. GADPH mRNA levels indicated about equal amounts message of all samples Nox1 and transformation of human keratinocytes W Chamulitrat et al
We next performed indirect immunofluorescence to detect the subcellular distribution of Nox1 using the anti-Nox1 antibody (Figure 6 ). EPI cells showed faint immunoreactivity around the perinuclear region and in the cytoplasm (Figure 6a ). However, FIB cells possessed stronger immunoreactivity preferentially in the nucleoplasm (Figure 6b ), which was confirmed by double staining with propidium iodide, PI (Figure 6c ). Crosssection views by a confocal laser scanning microscopy demonstrated that Nox1 was distributed in the whole interior including the nucleus (data not shown). Nonspecific reactions were assessed using nonimmune rabbit sera, showing faint background staining (Figure 6d ). Similar controls were obtained for EPI cells (data not shown).
Next, nuclei were isolated to confirm the nuclear localization of Nox1 by Western blot analysis. As shown in Figure 6e , the 63-kDa Nox1 protein was detected in both EPI and FIB nuclei, while higher levels of Nox1 protein were found in the nuclei of FIB cells, compared with that in the EPI nuclei. Collectively, FIB cells expressed Nox1 in the membranes and nuclei at significantly higher levels than EPI cells. The polyclonal antibody appeared to recognize higher amounts of 55-kDa protein in the nuclei of FIB cells than those in EPI cells. At present, this immunoreactive protein is not characterized. However, an immunoreactive protein with the same molecular mass had been previously detected in cell lysates of skin keratinocyte HaCaT cell line, using a different antibody against human Nox1 (Chamulitrat et al., unpublished) . The 55-kDa protein is unlikely a short splicing form Nox1 (NOH 1S, Banfi et al., 2000) , but might be a long-form variant of Nox1 (NOH 1Lv). When intensities of 55 and 63 kDa bands obtained from the cytosol are combined (Figure 5a ), we estimated no difference in Nox1 protein in EPI and FIB cytosols.
MAP kinase pathways were constitutively upregulated in FIB cells
To investigate whether MAP kinase cascades were activated downstream of Nox1 in FIB cells, we measured Jun N-terminal kinases (JNKs), extra- cellular-signal-regulated kinases (ERKs), and p38 proteins. Compared with EPI cells, the amount of p46/ JNK1 was increased (Figure 7a ), and p54/JNK2 was constitutively phosphorylated (Figure 7b ). Furthermore, FIB cells expressed both p44/ERK1 and p42/ERK2 at higher levels than EPI cells (Figure 7c ), while phosphorylation of these proteins were not detected using antibodies against phosphorylated ERK1/2. We also examined the level and phosphorylation of p38 MAP kinase, but no significant change was observed (data not shown).
Discussion
We had established keratinocytes in a more advanced stage of transformation while still lacking tumorigenic conversion, and suggest an association of gp91phox homolog Nox1 with transformation of human keratinocytes. Our results demonstrate that (a) the membranes of FIB cells produced three important ROS; HOO , H 2 O 2 , and OH; (b) Nox1 mRNA was upregulated in FIB cells, and Nox1 protein was also upregulated in the membrane fractions and nuclei of FIB cells; and finally (c) downstream JNK2 was activated by phosphorylation, and expression of JNK1 and ERK1/2 proteins was upregulated in FIB cells. These data suggest that Nox1 may be one of the potential sources of ROS being involved in the process of keratinocyte transformation.
Our experimental model consisting of EPI and FIB cells showed distinctive morphological changes and growth behavior in soft agar. According to the molecular characterization of keratins, desmoplakins, vimentin, K14 and K18 expression, FIB cells were apparently more transformed cells compared to the parental GM16 and EPI cells (Chamulitrat et al., 2003) . FIB cells at the passages used in this study were able to revert back to nontransformed epithelium-like morphology (when adapting to low-calcium medium), indicating that they represent not yet a stable phenotype, that is, being more advanced but still reversible stage of cell transformation. We produced this model by treatment of GM16 cells with a noncarcinogenic compound, that is, 30 mm ethanol for 9 weeks. Our data showed that ethanol accelerated the generation of serum-independent (nonterminally differentiated) colonies, thus supporting that ethanol can be regarded as a promoter of transformation of HPV16-immortalized cells. Control GM16 cells without ethanol treatment died off in DMEM/FCS. In some conditions, prolonged cultures (B100 population doublings) were needed to obtain serum-independent clones from HPV16 E6/E7-immortalized keratinocytes (Sashiyama et al., 2002) . Viral transforming E6/E7 genes themselves can render cell transformation and malignant conversion upon prolonged subcultures (Hurlin et al., 1991) . Thus, the observed persistent expression of E6 and E7 in FIB cells may render them susceptible for further chromosomal abnormalities as they progress into tumorigenic phenotype.
Overexpression of Nox1 induces tumorigenic conversion of rodent fibroblasts (Suh et al., 1999) and increased the tumorigenicity of human cancer cell lines (Arbiser et al., 2002) . In our study, the parental GM16 cells lacked Nox1 mRNA and protein expression, while EPI cells expressed low levels of Nox1. However, FIB cells representing a more advanced but still an early stage of transformation had already acquired parallel upregulation of the oxidase activity, and Nox1 mRNA and protein in their membranes and nuclei. Nuclear localization was confirmed by both immunocytochemistry and biochemical fractionation techniques; however, at present, we do not know how Nox1 is present in nuclei. Nox1 did not appear to be upregulated in the cytosol of FIB cells. Nox1 was preferentially expressed in the membranes of proliferating cells. Thus, our results suggest that Nox1 has mitogenic properties, as already demonstrated in guinea pig gastric pit cells (Teshima et al., 2000) and rat vascular smooth muscle cells .
We provide evidence that NADPH-treated FIB membranes generated three important species of ROS, that is, HO generated by extracellular ROS induces apoptosis in rattransformed fibroblasts in a glutathione-dependent manner (Schimmel and Bauer, 2002) .
HO may render changes at the level of membranes of cytoplasmic organelles, potentially altering subsequent biological responses.
In unstimulated endothelial cells, B50% of gp91phox (Nox2) is located in the nuclear-rich fraction and the rest located in the perinuclear region forming a complex associated with the cytoskeleton (Li and Shah, 2002) . We also found that Nox1 was present in the cytoplasm and nucleoplasm of the cell with more abundance in FIB cells than EPI cells. The presence and upregulation of Nox1 at the membranes of cytoplasmic organelles and the interior of the nucleus of FIB cells may dictate intracellular signaling associated with transformation. This finding gives rise to the possibility that Nox1 may be able to produce redox signaling more effectively in and/or towards the nucleus. At the same time, HO produced by nuclear Nox1 may attack sugars and bases of DNA/RNA, increasing a mutagenic risk for progression into a tumorigenic phenotype.
It is hypothesized that Nox1 may promote cell transformation through stimulation of redox-sensitive MAP kinases, because ROS contribute to elevation of these kinases in malignantly progressed mouse keratinocytes . In fact, compared with EPI cells, increased amounts of JNKs and phosphorylation of p54/JNK2 were detected in FIB cells. JNK activation is essential for transformation by the Met oncogene (Rodrigues et al., 1997) , and JNK activation of mouse fibroblasts induces major aspects of cell transformation, that is, anchorage-independent growth, but not yet tumorigenic conversion (Rennefahrt et al., 2002) . Under conditions whereby JNK activation is anchorage independent in mouse fibroblasts, JNK was localized to the nucleus (Aplin et al., 2002) . Total p44/ERK1 was also significantly increased in FIB cells. This is in agreement with previous suggestions (Plattner et al., 1999; Lassegue et al., 2001) .
In conclusions, we provide novel evidence that Nox1 may play an important role in progressive transformation of human keratinocytes.
HOO, H 2 O 2 , and HO derived from Nox1 may mediate redox signaling involving JNK and ERK cascades, which produce cellular response during these early steps of the transformation of keratinocytes. However, involvement of other Nox/Duox family members has not been excluded, and further studies are necessary to directly demonstrate these intracellular events.
Materials and methods
Antibodies and reagents
Catalase, NADPH, NADH, SOD, and DTPA (dithylenetriamine-pentaacetic acid) were from Sigma (Deisenhofen, Germany). DEPMPO was from Oxis International (Flacht, Germany). Monoclonal antibodies against JNK, ERK1/2, and p38 were from New England Biolabs (Schwalbach, Germany). Polyclonal b-actin antibody was from ICN (Eschwege, Germany). Secondary antibodies were from Molecular Probes (Leiden, the Netherlands) or from Promega (Mannheim, Germany).
An anti-Nox1 antibody was made by immunizing rabbits with a synthetic peptide corresponding to the 544-556 aminoacid residues of human Nox1. The resultant serum was further purified by affinity chromatography with the synthetic peptideconjugated agarose and used for immunohistochemistry and immunoblot analyses. For immunoblot analysis, we confirmed the specificity of this antibody using Caco2 membranes as a positive control showing a single band at 63 kDa (Yoshida et al., 2002) . The specificity of Nox1 antibody was also verified by immunohistochemistry of guinea pig colonic mucosa, where 10-molar excess antigen peptide abolished the Nox1 staining (Rokutan et al., unpublished data) .
Cell cultures and production of transformed cells
Primary gingival keratinocytes were transfected with HPV type 16 E6/E7 open reading frames using a recombinant retrovirus system as previously described (Halbert et al., 1992) . These immortalized GM16 cells were maintained in KGM (Cell Systems, St. Katharinen, Germany). As previously described in our earlier work (Chamulitrat et al., 2003) , the transformation was achieved by treatment of GM16 cells for 9 weeks with 30 mm ethanol. EPI and FIB cells were derived from ethanoltreated GM16 cells, and were resistant against serum-induced differentiation, and were able to proliferate in DMEM/FCS.
Growth rate study
Cells (p20-30) were trypsinized and counted. A total of 10 000 cells were plated onto 60-mm culture dishes in DMEM containing 10% FCS in quadruplets for each time point. The number of living cells in each dish was counted in duplicate using trypan blue dye exclusion at 2, 4, 6, 8, 10, and 12 days after seeding. Adhered FIB and FLOAT cells were combined for total number of live cells.
RT-PCR of HPV16 E6, E7, and Nox-1 mRNA GM16 cells (E) at earlier passages (p1-9), GM16 cells (C) at passages equivalent to ethanol-treated cells (p22-27), were subjected to total RNA isolation using RNeasy Minikit (QIAGEN, Hilden, Germany). Total RNA (10 mg) was reverse-transcribed with oligo-dT-priming using Superscript II reverse transcriptase (Invitrogen, Karlsruhe, Germany). cDNA was amplified with specific primers for E6, E7, and GADPH using QIAGEN HotStarTaq Master Mix kit.
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Forward and reverse primers for E6 were 5 0 -GTT TCA GGA CCC ACA GGA GC-3 0 and 5 0 -GCA TAA ATC CCG AAA AGC AAA G-3 0 ; and for E7 were 5 0 -CCA GCT GGA CAA GCA GAA CC-3 0 and 5 0 -ACG TGT GTG CTT TGT ACG CAC-3 0 . PCR conditions were 951C for 30 s, 581C for 45 s (or 651C for 45 s for GADPH) and 721C for 45 s. The molecular sizes of PCR products were 151 bp for E6; 101 bp for E7, and 460 bp for GAPDH primers. Semiquantitative analysis of E6 or E7 mRNA was expressed as a ratio of E6 or E7/GAPDH.
The analysis of Nox1 mRNA was performed by two-step RT-PCR. Gene-specific priming RT was performed (using reverse primer of first-round PCRs, see below), and cDNA from 750 ng total RNA was used for each PCR reaction. For the first-round PCRs, forward Nox1 primer was from nt 1523 5 0 -CAG GGA GAC AGG TGC CTT TTC C-3 0 and reverse Nox1 primer was 5 0 -GCT CAA ACC TGA CGA GAC CAA G-3 0 ending at nt 2037 (designed from GeneBank Accession NM 007052). For the second-round nested PCR, forward nested primer was from nt 1554 5 0 -AAC CTG TTG ACT TCC CTG GAA C-3 0 and reverse nested primer was 5 0 -TCC AGA CTG GAA TAT CGG TGA C-3 0 ending at 1858. Annealing temperature for both first-round and nested PCRs was 611C. The molecular size of the predicted nested PCR product was 305 bp. Both first-round and nested forward primers were designed to be located in the region that is missing in the truncated variant of Nox1 (NOH 1Lv, GeneBank Accession AF166328, Banfi et al., 2000) . As a negative control, one-step PCRs of gene-specific primed cDNA using only the nested primer pair did not produce any products. GAPDH mRNA in all samples was measured from PCRs of gene-specific-primed cDNA (from 250 ng total RNA) using GAPDH primers as shown above. Obviously, the Nox1 reverse primer is able to nonspecifically prime in the abundant GAPDH mRNA efficiently enough to enable successful PCRs of the corresponding cDNA with the GAPDH-specific primers.
Cell membrane preparation
Cells (50À100 Â 10 6 ) were suspended at 20 Â 10 6 cells/ml in sucrose buffer (10 mm sodium phosphate buffer, pH 7.4, 140 mm NaCl, 0.34 m sucrose, 2 mm NaN 3 , 1 mm EGTA, 1 mm PMSF, 50 mg/ml pepstatin A, and 50 mg/ml leupeptin). Cells were subjected to sonic disruption by three 30-s bursts. The sonicates were centrifuged at 10 000 g at 41C for 10 min. Following ultracentrifugation of the supernatant at 100 000 Â g at 41C for 60 min, the collected pellets containing microsomes, microperoxisomes, and membranes were resuspended in sucrose buffer.
Superoxide generating activities of membranes
NADPH-dependent superoxide generating activity was determined by EPR spin trapping. NADPH (500 mm) was added to a mixture of membranes (150 mg/ml) and DEPMPO (65 mm) in buffer pH 7.0 containing 65 mm sodium phosphate, 100 mm DTPA, 1 mm EGTA, 2 mm azide. In some experiments, membranes were heat inactivated at 1001C for 10 min. The mixture was pipetted into an aqueous quartz flat cell for EPR spectral scans at room temperature using an ER300 spectrometer (Bruker Biospin, Rheinstetten, Germany).
Indirect immunofluorescence
Cells were seeded onto glass coverslips and fixed with cold methanol and acetone. Nonspecific blocking was done with 1% bovine serum albumin in PBST, and cells were then incubated with polyclonal anti-Nox1 antibody (1 : 1000) overnight at 41C, followed by incubation with FITC-anti-rabbit Alexa 488 (1 : 100) (Molecular Probes, Leiden, The Netherlands). PI (5 mg/ml) (Sigma, Deisenhofen, Germany) was used for nuclear staining. Control experiments were performed with nonimmune rabbit serum instead of Nox1 antibody, or with secondary antibody alone. All coverslips were observed and scanned with a Leica TCS/NT confocal microscope (Leica, Bensheim, Germany).
Nuclei isolation
Cultured cells at 70% confluence were harvested from five 10-cm tissue culture dishes. Cells were lysed with NP40-lysis buffer (10 mm Tris-HCl, pH 7.4, 10 mm NaCl, 3 mm MgCl 2 , 0.5% NP-40, and protease inhibitors) followed by vortexing for 10 s. Integrity of nuclei was checked under phase contrast microscope. Nuclei collected after centrifugation for 5 min at 500 g at 41C, were washed with lysis buffer. The pelleted nuclei were resuspended in glycerol storage buffer (50 mm Tris-HCl, pH 8.3, 40% glycerol, 5 mm MgCl 2 , and 0.1 mm EDTA), and stored at -801C. Prior to sample preparation for SDS/PAGE and immunoblotting of Nox1 (see below), isolated nuclei were treated with benzonase at RT for 5 min (final concentration of 750 U/ml) (Merck, Darmstadt, Germany).
Western blot analyses of p67phox, Nox1, JNK, ERK, and p38
To prepare cell lysates, EPI and FIB cells were lysed by sonication in 250 mm Tris-HCl, pH 7.0 containing protease inhibitors. For Nox1 analysis, membranes or isolated nuclei were prepared as described above. Cell lysates, membranes, or nuclei were solubilized in Laemmli's buffer and subjected to 6-10% SDS/PAGE followed by electrotransfer. After blocking with 5% milk, the blots were washed and incubated with antibodies against b-actin (1 : 5000) for 1 h at RT, or JNK, phosphorylated (phospho) JNK, ERK1/2, phospho-ERK1/2, p38 or phospho-p38 (1 : 1000), or polyclonal anti-Nox1 antibody (1 : 1000) overnight at 41C. The blots were incubated for 1 h at RT with a secondary anti-mouse or rabbit antibody (1 : 7000). Proteins were visualized by ECL Western blot detection system (Amersham, Freiburg, Germany) and exposed to an X-ray film.
Anchorage-independent growth and tumorigenicity in nude mice
Anchorage-independent growth of cells was assayed to determine their ability to proliferate on semisolid agar using a standard procedure (Clark et al., 1995) . Only colonies of 20-cell size were counted. For in vivo tumorigenicity, one to five million cells were subcutaneously inoculated into 6-week-old male athymic (nu/nu; CD-1) mice. Injected mice were inspected for tumor formation weekly up to 6 months.
Statistical analysis
Results were expressed as mean7s.d. Statistical significance was determined by Student's t-test. po0.05 was considered to be statistically significant.
Abbreviations DEPMPO, 5-diethoxyphosphoryl-5-methyl-1-pyrroline N-oxide; DTPA, dithylenetriamine-pentaacetic acid; EPI, nontransformed cells with epithelium-like morphology; ERK, extracellular regulated kinase; FIB, transformed cells with spindle fibroblastic-shape morphology; FLOAT, cells with nonadherent free-floating state from FIB cultures; HPV, human papillomavirus; JNK, c-Jun N-terminal kinase; KGM, keratinocyte growth medium; MAP kinase, mitogen-activated 
